ducted ~s l~m~ted to -10 Torr, whlch ~s the maxlmum tolerable pressure for the quadrupole mass spectrometer detector.
It is important, however, to extend these studies to much higher pressures (1-100 atm.) to obtain additional information about the pressure dependence of the surface processes, and to simulate conditions utilized in the equivalent industrial processes. There are many catalytic reactions which require pressures in excess of one atmosphere, to -2-obtain reasonable conversions to products, for thermodynamic reasons. Examples of these include the hydrogenation of carbon monoxide to form hydrocarbons and methanol (Fischer Tropsch, and Methanol Syntheses(S)), the Ammonia Synthesis(G),
and Coal Hydrogenation ( 7 ) . In some of these reactions, the pressures required for synthesis exceed 100 atmospheres.
In order to study high pressure reactions on a single .. 
III. DESIGN CRITERIA FOR HIGH PRESSURE SYSTEMS
A high pressure system is defined in this paper as a UHV syste~ modified with a high pressure isolation cell, which enables the catalyst surface to be subjected to gas pressures from several Torr to 100 atmospheres. The first criterion is that the high pressure chamber must be UHV-compatible. The materials of construction and sealing gasket should not outgas, and the pressurized cell should not leak significantly. When the cell is de-pressurized and evacuated it should pump-down rapidly to UHV conditions, so that the sample may be analyzed without contamination from background gases. Analysis of the gaseous products is best achieved with gas chromatography at near-atmospheric pressure and above.
The choice of detector depends on the reaction concerned, 
IV. EXPERIMENTAL HIGH PRESSURE SYSTEMS
The systems used in this laboratory have progressed from a very simple add-on chamber to the·recent development of a custom-built high-low pressure system. These systems are quite universal in their utility to study surface reactions that require gas transport or transport of liquids, compatible with various surface analytical techniques.
A. High Pressure Attachment with External Chamber
The first design is shown in Fig. 2 . In this apparatus it was desired to treat the sample with one atmosphere of hydrocarbons and other gases. A long bellows was placed between the manipulator and the main chamber, with a sliding where gases were continuously pumped from the upper chamber while the sample was heated. This was found to reduce the rate at which the sample became contaminated.
The .main advantage of this reactor was that it was easily built, and readily attached to any of the LEED systems.
B. Internal High Pressure cell for Near-Atmospheric Work
The second design has been described previously by Kahn, Petersen and Somorjai<a>. The· apparatus is shown in Fig. 3 .
The sample, a platinum single crystal, is spot-welded to two tantalum heating rods and fixed at the rear of the chamber.
No manipulation of the sample is possible, but it is positioned so that it has access to ion bombardment and AES analysis. Gases are admitted to the circulation loop and reaction cell from a sorption-pumped manifold, and a small metal bellows diaphragm p~p is used to circulate gases around the loop. The gases pass through a low internal volume gas sampling valve which extracts 0•1 ml of gas for gas chromatographic analysis.
The vacuum system is pumped by a combination of a 6" fast diffusion pump with a 20 hour liquid nitrogen trap, and a water cooled titanium sublimation pump. This pumping -9
arrangement has a base pressure of 1 x 10 Torr and adequately handles the large gas loads encountered when the high pressure cell is opened. It also enables a rapid return to UHV conditions after a high pressure run, and before surface analysis.
For low pressure operation, gases are admitted to the -8 -4 chamber and low pressure (10 -10 Torr) catalysis studied, while analysing the surface with LEED and AES. The ability to rotate the sample means that the system is as versatile as a conventional UHV system. However the manipulator on a normal UHV system is bellows sealed, and only designed to withstand one external atmosphere. For operation at 100 internal atmospheres, a teflon sealed rotary element was the solution.
For high pressure operation, a representative run is outlined as follows: In this particular case an atmospheric pressure run on the Fischer-Tropsch synthesis is studied.
The high pressure chamber is sealed off by operating the hydraulic pump and the manipulator, which is demountable v~a two mini-conflat flanges, is removed, after admitting nitrogen gas to the cell. A new catalyst specimen is mounted on the manipulator, and is typically one-sided in 
